ABSTRACT: Understanding the spatial movements of threatened marine species, such as sea turtles, is essential as a means of informing appropriate conservation management. Although novel techniques for tracking spatial movements are becoming more widely available (such as satellite tracking), simple techniques such as mark-release-recapture remain effective. A flipper tagging and recovery program in Cuba tagged 210 loggerhead turtles over 14 yr and recovered 7% of the tags between 2 d and 3 yr later (mean = 296 d). All but one turtle was recaptured in Cuban waters, and data showed limited movement of turtles between northern and southern coasts. A further 50 turtles were recovered that had been tagged in foreign projects, the majority of which were from the USA (but also Mexico, The Bahamas, Canary Islands and Spain). A range of life stages of loggerhead turtles are found in Cuban waters year-round, and given that Cuba has the second largest reef in the Caribbean, it likely provides foraging habitat for significant numbers of loggerhead turtles from at least 6 different countries.
INTRODUCTION
Assessment of the sizes and trends of animal populations of conservation concern requires life history information to be effective. Sea turtles, all of which are listed by the World Conservation Union as species of conservation concern (IUCN 2008) , have cryptic life stages. For example, hatchlings enter the sea nearly immediately after emergence and begin an extended oceanic developmental phase termed the lost years (Carr 1986 , Bjorndal et al. 2000 , Bolten 2003 , Reich et al. 2007 , and about which we know very little. The general life history model is probably best understood for western Atlantic loggerhead turtles Caretta caretta (Bolten 2003) which, following the lost years, settle out to coastal areas, generally in the region of their natal beach (Hopkins-Murphy et al. 2003 , Bowen et al. 2004 and reach sexual maturity several decades later (Casale et al. 2009 ). Adult females migrate every 2 to 3 yr (Schroeder et al. 2003) to breeding areas, where females lay multiple clutches of approximately 100 eggs on sandy beaches (Schroeder et al. 2003) . Despite this established knowledge, specific locations of foraging sites, as well as the migratory routes linking these areas with breeding sites, are not known for many loggerhead turtle populations (Rankin-Baransky et al. 2001 , Godley et al. 2008 .
Considerable inroads have been made into understanding sea turtle migration using recovery of marked (usually flipper-tagged) individuals (Bell & Richardson 1978 , Meylan et al. 1983 , Limpus et al. 1992 , Troëng et al. 2005 , Moncada et al. 2006 , Zbinden et al. 2007 , Revelles et al. 2008 , inferential techniques such as stable isotopes (Hatase et al. 2002 , Reich et al. 2007 ) and genetic techniques , Bowen et al. 2005 , Bowen & Karl 2007 and, increasingly, satellite tracking (reviewed in Godley et al. 2008) . Caribbean countries host relatively few major nesting beaches for loggerhead turtles (< 5% of total Atlantic ocean nesting; Ehrhart et al. 2003 ) and these are concentrated in the northern extremes of the region (the Bahamas, Cuba, Mexico; Dow et al. 2007 ). Almost nothing is known of the home ranges, developmental habitats or post-nesting movements of loggerhead turtles from Caribbean nesting beaches (but see Blumenthal et al. 2006 ). In addition, recent work with loggerhead turtles in the USA (McClellan & Read 2007) , West Africa (Hawkes et al. 2006) and Japan (Hatase et al. 2002) suggests that there is more variation in life history strategies within even single populations than previously thought (Bolten 2003 , 2007 , Harrison & Bjorndal 2006 .
The coastal shelf of the Cuban archipelago has the second largest coral reef system in the Caribbean (3290 km 2 ; Burke & Maidens 2004) , supporting a wide range of biodiversity. Five of the 6 species of sea turtles known to occur in the Caribbean have been documented in Cuban waters (loggerhead, green Chelonia mydas, hawksbill Eretmochelys imbricata, leatherback Dermochelys coriacea and olive ridley Lepidochelys olivacea; , of which the loggerhead is one of the most common. Most loggerhead turtles in Cuba are found on the islands and keys of the Canarreos Archipelago (e.g. Isla de la Juventud and San Felipe Keys; Moncada 2001 , Ibarra et al. 2002 , Nodarse et al. 2002 and in smaller numbers off the Guahanacabibes Peninsula (Ibarra et al. 2002) . Data from fisheries captures in Cuban waters suggest that loggerhead turtles can be found at foraging and refuge sites in waters surrounding the island, and that they have been subject to direct harvest in the past (Moncada 1992 , 2001 . Direct harvest has now ceased due to the 2008 voluntary moratorium on sea turtle harvest in Cuba (Campbell et al. 2009 ), which should support the recovery of loggerhead turtle populations in other Caribbean nations, many of which are thought to be at remnant levels compared to the historic past (Bell et al. , 2007 .
In order to complement existing information with appropriate sea turtle conservation planning, it is important to understand loggerhead turtle movements both within Cuba and between Cuba and other nations. Notwithstanding, there are no published data describing home ranges, foraging areas or migratory routes for Cuban loggerhead turtles.
In the present study we provide the first comprehensive report of loggerhead turtle flipper tag recapture data for Cuba, including turtles tagged in Cuba and reported elsewhere, as well as turtles tagged elsewhere and reported in Cuba. We present data from the Cuban National Tagging Program (CNTP) with the aim of (1) enhancing current understanding of the movement patterns of loggerhead turtles in Cuban waters and throughout the Caribbean Sea and (2) providing data on distribution of, and distances travelled by, the tagged turtles between release and recapture.
MATERIALS AND METHODS
The Fisheries Research Center of Cuba initiated an annual turtle surveying and tagging program, the CNTP, in 1989. Turtles were tagged with metal flipper tags (Inconel style, National Band and Tag Company) on the trailing edge of the front flippers when they were either (1) encountered during nesting at Isla de la Juventud or (2) captured in Cuban waters as part of a CNTP project (northeast region: Nuevitas, Punta de Ganado, Las Tunas, Morrillo, Herradura, Cobarrubias and Palancon; southwest region: Isla de la Juventud; Fig. 1 ). All turtles in the CNTP program were measured following Bolten (1999) , with curved carapace length (CCL) from notch to tip reported throughout, and were classified as adult or juvenile based on the presence of secondary sexual characteristics and carapace length. Flipper tag returns by turtle fishermen, unrelated to the CNTP survey, were also used in the present study.
Turtles that already carried flipper tags when captured were classified as recaptures. Source data for recaptured turtles were located from the CNTP program (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and from other (non-Cuban) national and multinational tag databases in order to ascertain when and where the turtle was originally tagged. Where possible, additional data describing CCL, gender and life stage were collected from the tagging programs.
Distance between release and recapture locations was calculated using MapSource software (version 3.02, Garmin), and minimum speed was calculated by dividing the distance travelled by the time between deployment and recapture. If turtles were at liberty for more than 1 yr before recapture, speed was not calculated. Data were tested for normality and where they failed, non-parametric statistics were carried out in SigmaStat 3.1. Data were mapped in ArcGIS 9.2. Data are presented as means ± SD.
RESULTS
During the 14 yr tagging study conducted within Cuban waters, we tagged 126 adult female loggerhead turtles nesting at Isla de la Juventud (mean CCL = 98.5 ± 10.3 cm, range = 83.0 to 120.0 cm, sizes not available for 26 tagged turtles) and 84 adult and juvenile loggerhead turtles captured in-water (mean CCL = 93.8 ± 9.6 cm, range = 63.0 to 107.0 cm) (Fig. 2) . We recaptured 14 of the turtles that we had tagged during in-water (n = 8 turtles) and nesting beach surveys (n = 7), and a further 50 turtles from non-Cuban projects were recaptured by fishermen in Cuban waters (detailed below; Fig. 3a ,b). One individual with Cuban flipper tags was reported from Nicaraguan waters. Due to the scale of movement involved, we deal with these recaptures separately.
Loggerhead turtles tagged in Cuban waters
The majority (14) of the 15 turtles tagged in Cuba were recaptured inside the Cuban shelf ( Fig. 3a ) between 2 and 1037 d after tagging (mean = 322.8 ± 411.6 d, Table 1 ). Adults (n = 13) were recaptured after longer periods at liberty than juveniles (n = 2; mean = 436.1 ± 541 d versus 15 ± 14.1 d), and generally further away (mean distance between tagging and recapture sites for adults and juveniles = 370.6 ± 566 versus 36.5 ± 4.9 km, respectively). Minimum distances between tagging and recapture sites for juvenile and adult turtles tagged at Nuevitas and Las Tunas fishing grounds ranged from 18 to 1180 km (mean = 429.6 ± 501.8 km) and were equivalent to mean travel speeds of 13.2 ± 5. ). There appeared to be little movement of turtles between the northern and southern coasts of Cuba. Seven turtles tagged originally on the north coast were recaptured later, at Pinar del Rio (n = 2) or Nuevitas and Las Tunas (n = 4) on the north coast, but also Isla de la Juventud (n = 1) on the south coast. Seven turtles tagged originally on the south coast were recaptured, all on the south coast -at Cabo Pepe (n = 3), Punta Pedernales (n = 3) and Caleta Lugo (n = 1). Six south coast recaptures were of nesting females from Isla de la Juventud. Adult turtles, originally tagged while nesting, were recaptured in Cuban waters around 29 June (median date, range = 19 March to 12 August), coinciding with the nesting season. However, turtles did appear to move longitudinally along the north or south coasts. One turtle tagged during in-water surveys in Punta de Ganado (Nuevitas) travelled eastwards (and was recaptured in-water) while another turtle (also tagged during in-water surveys) headed west towards Buenavista (north of Pinar del Rio). Three other turtles tagged in Cobarrubias (Las Tunas) swam east towards Punta de Ganado. In-water recaptures of turtles tagged during in-water surveys from the SW region suggested movement in both directions, both with and against prevailing marine currents. One male loggerhead turtle, tagged during in-water surveys, travelled east toward Guanal Beach against prevailing currents at the beginning of the reproductive season and was recaptured in-water in a subsequent survey, while 2 females, tagged while nesting, travelled westward with surface currents and were recaptured in-water in subsequent surveys 34 and 61 d later, respectively. These movements may represent inter-nesting, as these turtles were recaptured close to the nesting beach (< 32 km) within a period of 34 to 68 d, and showed speeds much slower (0.3 to 0.6 km d -1 ) than others. A further 3 females were recaptured in-water 808, 1006 and 1009 d, respectively, after tagging at the nesting beach, possibly indicating an entire remigration period spent away from Cuban waters.
Loggerhead turtles tagged outside Cuba
The majority (42) of the 50 loggerhead turtles recaptured in Cuban waters from foreign tagging programs were originally tagged in Florida, USA (originally tagged while nesting at a variety of Table 2 ). A further 5 loggerhead turtles were originally tagged at nesting beaches at Quintana Roo, Mexico, and 1 each in The Bahamas, Canary Islands and coastal Spain. The majority of recaptures of foreign tagged turtles (84%) were along the north coast of Cuba, and over 50% of turtles were recaptured along the northwestern coastal shelf (Fig. 3) . Some turtles originally tagged in either Florida or Mexico were recaptured along the south coast of Cuba (Fig. 3) , indicating travel of a minimum of approximately 1400 km. Two turtles tagged in the Bahamas and Spain were recaptured on the NE coast (near Punta de Maisi and Nuevitas, respectively), and the turtle from the Canary Islands was recovered on the southwestern coast of Cuba. One loggerhead turtle originally tagged in Spain was a juvenile of 68 cm (CCL, notch to tip).
Loggerheads tagged in Cuba and recaptured elsewhere
One loggerhead turtle from the CNTP was recaptured in international waters, near White Reef, Nicaragua.
DISCUSSION

Life stages present in Cuba
The results of the tagging program recaptures reported between 1989 and 2002 suggest that loggerhead turtles from a range of life stages occupy the Cuban coastal shelf, both on the north and south coasts. This finding is supported by traditional fisheries catches in Cuban waters , F. Moncada & G. Nodarse unpubl. data), which described captures of both juvenile and adult turtles, some larger than the biggest turtle recaptured in the present study. The Cuban fishery historically also caught green and hawksbill turtles of varying sizes, suggesting that the capture equipment used to catch sea turtles is not selective for a specific size or species, and that capture data are therefore comparable with the present study. Tagging of nesting females suggests that Cuban loggerhead turtles (98.5 cm CCL, mean value) are larger than Mediterranean conspecifics (73.6 cm; Broderick et al. 2003) , but similar in size to those reported from the Pacific and Atlantic USA (92.5 and 99.2 cm, respectively; Ehrhart et al. 2003) . Size composition has been studied for sea turtles captured in Cuban waters and the results indicate that this area is suitable and utilized by different life stages for several different species. Indeed, while the size range for loggerhead turtles in the present study (Fig. 2) is similar to the range found for females at Cuban nesting sites, in our previous work on green turtles (Moncada et al. 2006 ) the size classes (30 to 129 cm CCL) were instead consistent with a predominantly juvenile life stage.
Turtles tagged in Cuba and their movements
In the present study, 1 adult turtle was recaptured in Nicaragua, probably foraging in the Miskito Cays, an area which contains adequate reef and is a known foraging area for other species of sea turtles. Blumenthal et al. (2006) satellite-tracked 3 nesting loggerhead turtles from the Cayman Islands, just south of Cuba, and found that all 3 travelled to Nicaraguan waters to forage. However, limited movement restricted to Cuban national waters was recorded for the remaining nesting turtles that were recaptured in the course of the present study, to the extent that the majority of turtles were recaptured on the same coast on which they were originally tagged. The size of the Cuban coral reef (the second largest in the Caribbean by nation; Burke & Maidens 2004) suggests that there should be ample suitable foraging habitat containing prey species known to be consumed by loggerhead turtles (Bjorndal 1985 , Dodd 1988 . Loggerhead turtles have a relatively broad diet (Bjorndal 2003) and are not thought to be obligate reef dwellers. In addition, long-term recaptures may represent gravid females returning to Cuban waters to nest, since they were typically reencountered near the nesting season. Given that Juvenile  0  1  1  0  0  2  4  Bahamas  Juvenile  0  1  0  0  0  1  2  Total  25  17  4  2  2  50  100   Table 2 . Caretta caretta. Summary of loggerhead turtles recaptured from other tagging projects. Unk.: recapture location unknown adults do not appear to be travelling further away, yet were recaptured less frequently in the present study, some aspect of their behaviour (e.g. diving depth) likely affected recapture rate.
Turtles tagged outside Cuba and their movements
Recaptures of loggerheads tagged in other national and multinational projects suggest that Cuba hosts foraging habitat for some large juvenile and adult loggerhead turtles from other countries. The majority of recaptured loggerhead turtles were originally tagged on nesting beaches in Florida (as well as The Bahamas, Canary Islands, Mexico and Spain) and were found along the north coast of Cuba. These results are broadly similar to those of Moncada et al. (2006) , where green turtles from the USA and Mexico were recaptured in Cuban waters, but differ in that the majority of our (albeit small sample size) recaptured turtles were recaptured in Cuban waters (25 of 41 recaptured green turtles were recaptured outside of Cuban waters).
The timing of original tagging (May to July) and subsequent recapture (September to November) of loggerhead turtles in the present study suggests that some of the foraging habitats for Florida nesting loggerhead turtles (Schroeder et al. 2003) are located in Cuba, and that they potentially remain there for the duration of the remigration interval until the next nesting year (Meylan et al. 1983 , Ehrhart et al. 2003 . However, there is more reef habitat on the south coast of Cuba than the north coast (Burke & Maidens 2004) , which suggests that, perhaps for nesting females, proximity to nesting beach rather than absolute habitat availability may be important in determining where turtles forage in Cuba. Mexican loggerhead turtles from the regionally significant Quintana Roo subpopulation ) that were recaptured on the western Cuban shelf (both on northern and southern coasts) also migrated eastwards from nesting beaches in Mexico to forage on the Cuban reef for the duration of their remigration interval.
Decreases in the Florida loggerhead turtle southern subpopulation over 18 yr , Witherington et al. 2009 ) have been hypothesised to reflect direct take of loggerhead turtles in countries including The Bahamas and Cuba, but the 2008 moratorium in Cuba, if enforced, will result in significantly reduced directed harvest of loggerheads in Cuban waters. Prior to the present moratorium, and from 1994 onwards, the Cuban turtle fishery was closed at all but 2 traditional harvest sites (Isla de la Juventud and Nuevitas; Carrillo et al. 1999) , capturing approximately 5 t of turtles of varying sizes and age classes between them per annum. It is not known to what extent these 2 areas are used for foraging by loggerhead turtles, and we recommend that further research be carried out using genetic techniques (Bowen et al. 1996) to elucidate the relative contribution of foreign loggerhead turtle stocks to Cuban foraging grounds. Nonetheless, with fisheries bycatch a particular threat to sea turtles (Lewison et al. 2004) , there are likely additional factors that have contributed to the observed Florida population decline.
The 2 juvenile turtles originally tagged in the Canary Islands and Spain must have crossed the Atlantic Ocean, probably as part of a trans-oceanic developmental migration (Bolten 2003 , Eckert et al. 2008 . These records are similar to the tag return reported for a large juvenile loggerhead turtle (84 cm straight carapace length) tagged and released in the waters of the Canary Islands and recaptured 5 mo later off the south coast of Isla de la Juventud (Bolten et al. 1992) . The minimum distance travelled by this turtle was approximately 6900 km, and the minimum rate of travel was about 45 km d -1
. Accepted life history models for loggerhead turtles (e.g. Laurent et al. 1998 , Bolten 2003 , Camiñas 2005 , Carreras et al. 2006 suggest that hatchling turtles from the western Atlantic leave their nesting beaches, become passively entrained in oceanic currents and are likely carried to juvenile developmental grounds in the eastern Atlantic, most notably at the Azores and Canary Islands. They spend approximately 7 to 12 yr in these developmental areas ) before returning to the western Atlantic to recruit to coastal foraging grounds (but see McClellan & Read 2007) . We therefore consider that these trans-Atlantic recaptures were turtles returning to their natal region in the western Atlantic. The turtle recaptured in Cuba from Spain (tagged 3 yr earlier in Balearic Islands waters) is the first sign of a return from the Mediterranean (a recognised feeding area for loggerhead turtles) to the Caribbean. The turtle recaptured from a Bahamian tagging project (based on printed return data on the tag) should be viewed with caution as it was a 'head-started' individual and was smaller at recapture than all other individuals than we encountered in the present study (but see Bell et al. 2005 ). This loggerhead turtle was raised for 3 yr at the Seafloor Aquarium in Nassau, released on Great Inagua Island in September 1982 and recaptured in Cuba in January 1991.
Of all turtles tagged in the present study, approximately 3 times as many loggerhead turtles were recaptured on the north coast compared to the south coast of Cuba, and these turtles are of mixed origins, coming from the eastern Atlantic, wider Caribbean or from Cuba itself. Although the migratory routes taken for turtles to reach Cuban foraging grounds are as yet unknown, they likely involve fairly direct crossings with occasional interaction with major surface currents (tracking studies reviewed in Godley et al. 2008) . The data in the present study highlight the importance of the Cuban shelf to loggerhead turtles from multiple origins and the abundance, distribution and species of turtles using Cuban reef habitats for foraging. In particular, the abundance and structure of in-water populations of turtles foraging at traditional turtle harvest sites warrants further investigation. These results also underscore the value of long-term tagging programs as a complement to other spatial tools such as satellite tracking.
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